vascular hospitalization (HR 0.80, 95% CI: 0.69-0.92) versus carvedilol with placebo. The dosage of carvedilol had no detectable effect and there were no unexpected safety issues. Conclusions: Whatever β-blocker was coprescribed with ivabradine, there were improvements in cardiovascular outcomes in patients with systolic heart failure, especially with the most prescribed β-blocker -carvedilol.
Introduction
The management of heart failure has evolved tremendously in recent decades. Renin-angiotensin system (RAS) inhibitors and β-blockers are now widely used and have contributed to major therapeutic advances in heart failure. Despite this, the prognosis of patients with heart failure remains poor, with a median survival of 4.2 years without any discernible improvement over time [1] . There is clearly still room for improvement in management strategies and a relatively new agent, ivabradine, is a viable candidate for change in the management of systolic heart failure. Ivabradine acts via I f inhibition in the sinoatrial node and reduces resting heart rate without altering other cardiac currents or hemodynamic parameters as well as without a negative inotropic effect [2, 3] .
In 2010, the SHIFT (Systolic Heart Failure Treatment with the I f Inhibitor Ivabradine Trial) investigators demonstrated that adding ivabradine to neurohormonal blockade improves mortality and morbidity in patients with systolic heart failure in sinus rhythm with a heart rate ≥ 70 bpm [4] . Treatment with ivabradine was associated with a significant 18% reduction in the primary composite endpoint of cardiovascular death or hospitalization for worsening heart failure, a 26% reduction in hospitalization for worsening heart failure, and a 26% reduction in heart failure death. Since the SHIFT results were published, ivabradine has been granted the new indication and has become an increasingly important component in the management of chronic systolic heart failure [5] , and has been included in international guidelines for the treatment of chronic heart failure, alongside other evidencebased therapies such as β-blockers and RAS inhibitors [5] .
The large majority of the 6,505 patients in the SHIFT population were taking a background β-blocker at baseline (89%) [4] . The SHIFT investigators have previously explored the effect of β-blocker dosage on outcomes [6] . They concluded that it was the heart rate reduction obtained with a β-blocker plus ivabradine -rather than the β-blocker dosage -that primarily determined the effect on outcomes. In the analysis described here, we set out to explore the effect of different individual β-blockers in combination with ivabradine on top of other evidence-based therapies in the SHIFT population, with a particular focus on the most frequently prescribed β-blocker -carvedilol [7] .
Methods

Study Design and Outcomes
The design of the SHIFT trial has been described in great detail elsewhere [4, 8] . Briefly, SHIFT was an event-driven randomized double-blind placebo-controlled trial carried out in 677 centers in 37 countries. Participants had moderate-to-severe heart failure (NYHA class II-IV) with left ventricular ejection fraction ≤ 35%; they were in sinus rhythm and had a resting heart rate ≥ 70 bpm (12-lead electrocardiography). Patients had to be on stable background treatment for ≥ 4 weeks at entry, according to heart failure guidelines in force at the time the trial was performed [9] . Background treatment had been uptitrated as far as contraindications and tolerability would allow, and there was a particular emphasis on optimizing β-blocker dosage as close to the target as possible for each patient before initiation of study treatment. Against this background treatment, patients were randomly allocated to receive ivabradine (initiated at 5 mg b.i.d., which could be adjusted up or down to 7.5 or 2.5 mg b.i.d., according to resting heart rate and/or symptoms of bradycardia at 14 or 28 days, and then at every 4-month visit thereafter) or matching placebo.
In the post hoc analysis described here, we explored outcomes in SHIFT patients in subgroups divided according to the type of β-blocker they received at baseline (carvedilol, bisoprolol, metoprolol succinate or tartrate, or nebivolol). The outcome of interest was the primary endpoint, which is a composite of cardiovascular death and hospitalization for worsening heart failure. For the patients receiving the most frequently used β-blocker, carvedilol, we also investigated the following secondary endpoints: the individual components of the primary endpoint, heart failure death, cardiovascular hospitalization, and all-cause hospitalization, as well as safety data.
Statistical Methods
Baseline characteristics are presented according to treatment group (β-blocker in combination with ivabradine or placebo) using means ± SD for continuous variables and numbers of patients (%) for categorical variables. Baseline characteristics were compared using a Kruskal-Wallis test (continuous variables) or a χ 2 test (categorical variables).
The effect of the β-blocker in combination with ivabradine was analyzed in all randomized patients who received the combination of β-blocker with ivabradine or placebo at randomization. The analysis of events was performed exclusively while on the combination; in other words, only events that occurred between the first and last (+2 days) concomitant intake of the β-blocker and the study treatment were taken into account. Hazard ratios (HRs) were estimated between treatment groups (β-blocker in combination with ivabradine versus β-blocker in combination with placebo) based on an adjusted Cox's proportional hazards model with prognostic factors at baseline as covariates (NYHA class II/III or IV, left ventricular ejection fraction, ischemic etiology of heart failure, age, systolic blood pressure, heart rate, and creatinine clearance), and are presented with associated 95% CI. The associated p values were given for the comparison between carvedilol in combination with ivabradine versus carvedilol in combination with placebo. Differences between β-blocker subgroups were tested using a likelihood ratio test for heterogeneity, comparing the model including the interaction term with the model not including the interaction term, to produce a p value for interaction. Treatment effect was also explored in patients receiving different dosages of carvedilol; the dose retained for each patient was that used for the longest time during the study. Due to the low size of these dosage subgroups, only the number of events and incidence were calculated.
Safety was assessed while on the combination in patients who had had at least one intake of carvedilol and randomized treatment during the study. Safety data were compared using two-sided Fisher's exact tests. Due to the exploratory nature of this analysis, no correction for multiplicity was applied. All statistical analyses were performed by the Biostatistics Division of the Institut de Recherches Internationales Servier using SAS ® Software version 9.2.
Results
We analyzed 2,596 patients on carvedilol (45% of all patients receiving a β-blocker), 1,483 patients (26%) on bisoprolol, 1,424 (25%) on metoprolol (tartrate and/or succinate), and 197 (3%) on nebivolol. There were 107 patients receiving other β-blockers who were not included in our analysis. The baseline characteristics of the largest subgroup, the 2,596 patients on the most prescribed β-blocker, carvedilol, are presented in table 1 . No statistical difference was shown between the patients allocated to ivabradine or placebo in any of the β-blocker subgroups (data not shown). Notably, the population was treated according to international guidelines. In the carvedilol subgroup, most patients received RAS inhibi- Data are number of patients (%) or means ± SD. ACE = Angiotensin-converting enzyme; CRT = cardiac resynchronization therapy; ICD = implantable cardioverter defibrillator.
tors (77% on an angiotensin-converting enzyme inhibitor and 15% on an angiotensin II receptor blocker), diuretics (87%), and mineralocorticoid antagonists (70%). The mean duration of coprescription of carvedilol in combination with ivabradine or placebo was 19.2 ± 9.0 months.
After 28 days and after 1 year, heart rates were 63.8 ± 10.7 and 64.3 ± 11.1 bpm, respectively, for patients receiving carvedilol in combination with ivabradine versus 75.2 ± 11.8 and 74.4 ± 12.6 bpm, respectively, for those receiving carvedilol in combination with placebo. Mean heart rate reduction at 28 days and at 1 year was -15.7 ± 10.5 and -14.9 ± 11.7 bpm in patients receiving carvedilol in combination with ivabradine, respectively, compared with -4.7 ± 10.2 and -5.3 ± 12.1 bpm in patients receiving carvedilol in combination with placebo.
The favorable effect of β-blockers in combination with ivabradine compared with β-blockers in combination with placebo on the composite endpoint of cardiovascular death or hospitalization for worsening heart failure was consistent whatever the β-blocker (HRs 0.75-0.89, p for interaction = 0.86; table 2 ). Patients prescribed carvedilol in combination with ivabradine had lower rates of the composite endpoint of cardiovascular death or hospitalization for worsening of heart failure (HR 0.80, 95% CI: 0.68-0.94), heart failure hospitalization (HR 0.73, 95% CI: 0.61-0.88), and cardiovascular hospitalization (HR 0.80, 95% CI: 0.69-0.92) versus those prescribed carvedilol in combination with placebo ( table 3 ) . There was no difference in the rate of cardiovascular death (HR 1.04, 95% CI: 0.79-1.39). There were 14 heart failure deaths (1.1%) in the group on carvedilol in combination with ivabradine versus 15 (1.2%) in the group on carvedilol in combination with placebo, which precluded any relevant conclusion with regard to this endpoint.
Of the 2,596 patients on carvedilol in combination with ivabradine or placebo, carvedilol dosages were evenly distributed throughout the dose range up to the recom- The safety of carvedilol in combination with ivabradine appeared to be in accordance with previous findings ( table 4 ). There was no evidence for a relevant difference between the different dosages of carvedilol (data not shown).
Discussion
Our findings in the SHIFT population show that the coprescription of a β-blocker and ivabradine in patients with systolic heart failure is associated with an improvement in cardiovascular outcomes, regardless of the individual β-blocker coprescribed with ivabradine. This is in line with another analysis in this population [6] , which reported that the effect on outcomes is determined primarily by the magnitude of heart rate reduction with β-blockers and ivabradine, as opposed to the actual dosage of the β-blocker. Our analysis takes this one step further by analyzing the effect of individual β-blockers, notably carvedilol. Carvedilol was the most frequently used β-blocker in patients with systolic heart failure in the SHIFT study. It was also the most widely prescribed β-blocker in a European registry including nearly 9,000 patients with systolic heart failure, in which 57% of patients were receiving carvedilol [7] . Similar rates of prescription of carvedilol were reported in the USA in a registry of about 6,000 patients with heart failure [10] , as well as in the ESC-HF Pilot Survey, in which carvedilol was prescribed to 43% of patients in 12 European countries [11] . In our analysis, prescription of carvedilol in combination with ivabradine for a mean duration of 19 months was associated with an improvement in cardiovascular outcomes (a composite endpoint of cardiovascular death or hospitalization for worsening of heart failure, hospitalization for heart failure, cardiovascular hospitalization, and all-cause hospitalization) compared with carvedilol in combination with placebo.
Despite all the recent therapeutic advances, both mortality and morbidity in patients with heart failure remain unacceptably high [1] . Accordingly, there is a need to identify new therapeutic targets and associated strategies. Heart rate is now recognized as both a risk factor and a therapeutic target in heart failure, and its reduction has become an integral part of the management of risk factors in chronic systolic heart failure [5, 12] . Reduction in resting heart rate is a common feature of the modes of action of both β-blockers and ivabradine, though β-blockers have other cardiovascular effects, such as a detrimental impact on myocardial contractility and hemodynamics, while ivabradine has no influence on other cardiac parameters [13, 14] . Furthermore, registry data suggest that heart rate is not adequately controlled in a large majority of patients, despite therapy with β-blockers [15, 16] . In a large prospective observational study including 7,401 European patients with chronic heart failure, 56% had a resting heart rate ≥ 70 bpm, despite the fact that 89% of patients were receiving a β-blocker [16] . This might be related to difficulties uptitrating β-blockers in many patients due to tolerability issues; in addition, some patients might have poor response due to β-receptor polymorphisms [17] . This implies that other strategies may be necessary to improve heart rate control in these patients. This may explain why ivabradine further reduced major risk associated with heart failure when added to evidence-based therapies including β-blockers. The SHIFT trial results presented herein show that the addition of ivabradine to a β-blocker is safe and effective in patients with chronic systolic heart failure. Moreover, the patients receiving ivabradine appeared no more or less likely to change dosage of carvedilol during the study, which suggests that use of ivabradine does not affect the use of carvedilol -or vice versa -and is reassuring regarding the safety and tolerability of this combination.
Our results have a number of implications for clinical practice. First, β-blockers are widely used in patients with heart failure, forming the cornerstone of their management together with RAS inhibitors. Our results also imply that β-blocker dosages in heart failure remain stable since 82% of patients on carvedilol stayed on the same dosage throughout the study. On the other hand, many patients have inadequate heart rate control despite the use of β-blockers. Insofar as ivabradine provides additional significant benefits when added to β-blockers, this should be considered in patients with chronic systolic heart failure in sinus rhythm and with a heart rate ≥ 70 bpm in the presence of β-blockade as recommended by the latest heart failure guidelines [5] . Our analysis suggests that combination therapies may be applicable in heart failure, in particular a combination of carvedilol and ivabradine. One major advantage of combination therapies in chronic conditions is improved compliance [18] , which implies better overall efficacy of treatment.
There are a number of limitations to our study. It suffers from all the limitations of a post hoc analysis, though the results are consistent with previous analyses of patients taking β-blockers in the SHIFT trial [6] . There was no randomized allocation of β-blockers, which were prescribed as a background treatment, using agents and dosages selected by the investigator. The relatively small size of the subgroups, notably for the various dosages of carvedilol, limited the power of the analysis and precluded any formal statistical analysis. In this exploratory analysis, no correction for multiplicity was applied.
Conclusion
Our findings suggest that the prescription of β-blocker in combination with ivabradine is associated with improvement in cardiovascular outcomes, regardless of the β-blocker used. In patients treated with carvedilol, the most frequently used β-blocker in the trial population, carvedilol in combination with ivabradine improved cardiovascular outcomes and was safe in patients with systolic heart failure in sinus rhythm with a resting heart rate ≥ 70 bpm.
